Utilizing liquid chromatography-electro spray ionization-mass spectrometry (LC-(+,À)-ESI-MS) and liquid chromatography-photodiode array detection (LC-PDA) techniques, a dereplication strategy for the analysis of the secondary metabolites constituents of the genus Hypericum has been developed. From the crude methanolic extract of the aerial parts of H. triquetrifolium (leaves, stems, and flowers) and on the basis of their UV-profiles, chromatographic retention times and (+,À)-ESI-MS (TIC and SIM) mass spectral data, seven known (1-7) compounds were dereplicated fairly rapidly. The compounds were classified into three structural classes: phloroglucinols: hyperfirin and adhyperfirin; naphthodianthrones: hypericin, pseudo-hypericin, proto-hypericin, and protopseudo-hypericin; and the flavonoid rutin.
Introduction
Nature is still a key player in drug discovery and development programs as a source for novel structures or lead compound. It represents a wealth and indispensable source for structural diversity. In the area of cancer, for example, of the 155 small molecules that were introduced over the time frame from 1940s to date; 73% are other than synthetic, with 47% actually being either natural products or directly derived therefrom (Newman and Cragg, 2007) . Moreover, 61% of the new registered drugs are natural products or compounds derived from or inspired by natural products (Newman et al., 2003) .
Conventional natural products discovery programs rely on bioactivity-directed fractionation methodology for the isolation, purification and structural elucidation of bioactive lead compounds from crude extracts, in which the bioassay results guide the purification processes. This process is often tedious, expensive, time consuming; moreover it may end up with disappointing outputs when isolating well known previously characterized bioactive compounds (Ghisalberti, 1993; Kingston, 1996) . Hence there is currently great pressure on natural products lead discovery programs to develop their procedures to discriminate between previously known nuisance compounds and potential novel chemical entities more rapidly and efficiently at the level of the crude extract. This process which is termed dereplication is of great importance as huge amount of work can be circumvented when identifying previously known compounds at an early stage of the natural products drug discovery process before setting out large scale isolation project to re-isolate and re-characterize previously known compounds. Thus efforts will beoriented toward targeted isolation of compounds presenting novel spectroscopic features. By adopting this approach one can be assured that resources are spent on the most promising bioactive samples, hence increasing the potential for the isolation of structurally novel bioactive secondary metabolites (Cordell and Shin, 1999; Hostettmann et al., 2001; Wolfender et al., 2006) . Thus, quick and easy methods for dereplication of natural product extracts are essential (Ackermann et al., 1996; Constant and Beecher, 1995) .
Dereplication approaches make use of hyphenated techniques and search through natural products databases to determine the identity of an active compound at the earliest possible stage in the discovery process. UV spectroscopy and mass spectrometry are of prime importance in the field of dereplication procedures. When combined with HPLC, they create hyphenated techniques, of which LC-UV/PDA and LC-MS are the most popular. The UV profile of compounds in an extract, obtained using LC-UV/PDA, serves as a fingerprint that is characteristic of certain structural classes (Su et al., 2002; Alvi et al., 1995; Sedlock et al., 1992; Sun et al., 2002; Tsao and Yang, 2003) . LC-MS is considered a selective, sensitive, and powerful tool (Niessen, 1999; Sarker and Nahar, 2005) , as the molecular weight provides an entry point into the molecular formula of compounds.
In the current research project we have developed a simple, reliable, and cost effective dereplication strategy for the analyses of the secondary metabolite constituents of the genus Hypericum using Liquid Chromatography-Electro Spray Ionization-Mass Spectrometry (LC-ESI-MS) and Liquid Chromatography-Photodiode Array Detection (LC-PDA). In particular, phloroglucinols and naphthodianthrones which are considered the major active constituents of Hypericum species. The Hypericum genus is known to contain wealth of secondary metabolites, many of which are biologically active. Of the main constituents are naphthodianthrones (hypericin, pseudo-hypericin, proto-hypericin, and protopseudo-hypericin), phloroglucinols (hyperforin, adhyperforin, hyperfirin, and adhyperfirin), and a broad range of flavonoids (hyperoside and rutin) (Nahrstedt and Butterweck, 1997) .
H. triquetrifolium Turra (Peter's wort, wavyleaf St. John's wort or Tangled Hypericum), is a wild growing weed in the northern part of Jordan; locally known as Roja. In their book Medicinal Plants of Jordan, Karim and Quraan reported that H. triquetrifolium is used traditionally as sedative, astringent, anti-spasmodic, for intestine and bile disorders and poisonous (Karim and Quraan, 1986) . Anti-inflammatory, antioxidant and antinociceptive activities have also been reported in the literature for H. triquetrifolium (Apaydin et al., 1999; Tawaha et al., 2007; Couladis et al., 2002; Suzuki et al., 1984; Alali et al., 2007) . H. triquetrifolium occurs as perennial herb with stiff patent decussate branches, and hence the plant has a more or less pyramidal aspect. Flowers 1-5 together in the summit of leafy branches and appear in summer (Al-Eisawi, 1998) .
In a study carried out by Alali et al. (2007) , hypericin content of methanolic extracts dried flowers, leaves, stems, and roots of H. triquetrifolium were determined by HPLC. Leaves showed the highest hypericin content of 0.36% w/w, while total aerial parts contained 0.11% w/w. From the crude methanolic extract of the aerial parts of H. triquetrifolium (leaves, stems, and flowers) and on the basis of their UV-profiles, retention time and (+,À)-ESI-MS (TIC and SIM) mass spectral data, seven known (Newman and Cragg, 2007; Newman et al., 2003; Ghisalberti, 1993; Kingston, 1996; Cordell and Shin, 1999; Hostettmann et al., 2001; Wolfender et al., 2006) compounds were identified.
Materials and methods

General experimental procedures
LC-MS data were utilized using an AgilentÒ (Palo Alto, CA, USA) ion-trap mass spectrometer equipped with electrospray ionization source and an AgilentÒ 100 series HPLC. The separation was achieved using a Hypersil ODS (5 lm; 125 mm · 4 mm) column (Thermo Electron, Auchtermuchty, UK). The mobile phase used was: (A) 20 mM ammonium acetate; (B) acetonitrile. The flow rate was 1 ml min À1 in the following gradient system: 0-10 min, 50% B; 10-25 min, 90% B; 30-35 min, 50% B. The injection volume was 20 ll and the total run time was 35 min. The mass detector conditions were set as follows: ESI positive and negative ionization modes, full scan mode from 50 to 1000 m/z, capillary voltage set at -4000 V, ESI temperature 325°C, gas flow rate 5 l min À1 .
LC-UV/Vis PDA spectra were obtained on a LachromÒ Merck-Hitachi (Tokyo, Japan) HPLC, equipped with quaternary gradient L-7150 pump, L-7455 Diode-Array Detector, L-7200 auto-sampler, and D-7000 Interface in the range between 250 and 650 nm. Mobile phase, flow rate, analytical column, injection volume, and run times were identical to those used for LC-MS.
Ammonium acetate (extra pure) was obtained from Scharlau Chemie S.A. (Barcelona, Spain), HPLC-grade methanol was obtained from Tedia Company Inc. (Ohio, USA), HPLC-grade acetonitrile was obtained from LEDA, Scharlau Chemie S.A. (Barcelona, Spain), and (-)-hypericin standard was purchased from Sigma-Aldrich (Buchs, Switzerland).
Plant material
H. triquetrifolium were collected from Al-Mafraq, Northern part of Jordan during their flowering stage in July 2007. The collected material was identified by Professor Khalid Tawaha. A voucher specimen (PHC #104) was deposited in the herbarium of the Faculty of Pharmacy, Jordan University of Science and Technology (JUST), Irbid, Jordan. The plants raw material was cleaned and air-dried at room temperature and then grounded to fine powder using a blender, MoulinexÒ (Caen, France), passed through a 24 mesh sieve to generate homogeneous powder, stored at room temperature (22-23°C), and protected from light until required for analyses.
Sample preparation and analysis
From the finely ground plant material, 1 g was accurately weighed and placed into a 250-ml round bottom flask fitted with a reflux condenser, and was refluxed for 20 min using 80 ml of HPLC methanol. The sample was then filtered, saving the filtrate. The herb material was then re-extracted twice with 60 ml HPLC methanol followed each time by filtration. The collected filtrates and washes were combined. The volume was then reduced to a final volume of about 3 ml using rotary evaporator (RE 200, Bibby Steriline Ltd., UK). The concentrated solution was transferred to a 25-ml volumetric flask and diluted to volume using methanol. Aliquots were removed and centrifuged at 4500 rpm for 5 min using EBA 20 centrifuge (Hettich-Zentrifugen GmbH & Co. KG, Tuttlingen, Germany), supernatants were transferred into glass vial, and stored in refrigerator until required for analysis (INA Methods Validation Program, 2000) .
For the LC-MS and LC-UV/PDA studies, an aliquot of the supernatant of the methanolic extract of the plant was filtered through a 0.45 lm Teflon filter and then transferred into 2 ml amber HPLC vial. A 20 ll aliquot was injected. Hypericin standard was used for retention time matching.
Results and discussion
The general dereplication strategy used a three-step approach. First, LC-MS full scan total ion chromatograms (TIC), scanning m/z 50-1000, was firstly acquired in both positive and negative modes. This was followed by positive and negative selected ion monitoring (SIM) analysis to acquire the compounds that may not otherwise be detected in TIC. These data were searched across natural product databases. These information were cross referenced with the available published literature on spectral data and chromatographic elution pattern for phloroglucinols, naphthodianthrones, and flavonoids that were reported from the genus Hypericum (Tolonen et al., 2002; Fuzzati et al., 2001; Wolfender et al., 2003) . Next, LC-UV/PDA was used to acquire the UV/Vis spectra of the compounds, and this fingerprint was used to group each compound into one of three structural classes that are typical constituents from the genus Hypericum. Finally, the chromatographic retention times (and hence, relative polarity) were used to further identify the structures of the compounds.
(À)-Hypericin reference standard was used to develop the optimum chromatographic separation conditions. A neutral mobile phase was used to able the switch between the positive and negative ionization modes simultaneously. The conditions were optimized for resolution and response as outlined in the experimental section. The total run time was 35 min; with a retention time of 16.1 min for hypericin. By utilizing the above described strategy and integrating the spectral data for each peak: retention time (polarity), UV profile, and mass spectral data, we were able to identify the chemical structures of seven compounds. Of these, two (5 and 6) were phloroglucinols, four were naphthodianthrones (1-4), and one flavonoid (7). UV/PDA spectra were very informative in determining the general structural class for each compound where the general patterns are quite characteristic. The following naphthodianthrones molecular ions, [M À 1] À , were detected in the negative mode: hypericin (m/z 504), pseudohypericin (m/z 520), proto-hypericin (m/z 506), and protopseudo-hypericin (m/z 522). The negative ionization mode was found to be highly sensitive for this class of phenolic compounds. While in the positive ionization mode the following phloroglucinols molecular ions, [M + 1] + , were detected: hyperfirin (m/z 468), and adhyperfirin (m/z 482). Finally, the flavonoid rutin was detected in both the positive (m/z 611) and negative (m/z 609) ionization modes. Comparing to TIC and as expected, SIM sensitivity was significantly higher for the three investigated chemical classes. Figs. 1 and 2 show the positive and TIC of the methanolic extracts of the aerial parts of H. triquetrifolium. Table 1 summarizes the retention times, UV max (nm), and the molecular ions of the identified compounds.
The (À)-ESI mass spectrum of hypericin (1) (t R = 16.1 min) showed a parent molecular ion at m/z 503 [M À 1] À . The UV/PDA spectrum of hypericin showed four absorption maxima at 288 nm, 325 nm, 465 nm and 580 nm, typical values for hypericin, provide additional proof for the identity of this compound (Tolonen et al., 2002 (Tolonen et al., , 2003 Liu et al., 2000; Mauri and Pietta, 2000; Brolis et al., 1998) . The identity of this compound was verified by comparison of the ESI mass spectrum, UV/PDA spectrum, and the HPLC retention time with an authentic standard of hypericin, where complete matching was observed.
For the peak at t R = 4.0 min, the (À)-ESI mass spectrum showed parent molecular ion at m/z 519 [M À 1] À , and an identical UV/PDA spectra of hypericin; but eluted at an earlier time, more polar. These spectral data suggest the identity of this compound as pseudo-hypericin (2) (Tolonen et al., 2003; Liu et al., 2000; Mauri and Pietta, 2000; Brolis et al., 1998) .
The (À)-ESI mass spectrum of the peak at t R = 14.1 min, showed a parent molecular ion at m/z 505 [M À 1] À , 2 Da less than the analogous peak in hypericin; it was also eluted at an earlier retention time (more polar) than hypericin. The UV/PDA spectrum of the compound showed the following absorption maxima 285 nm, 375 nm, 530 nm, and 590 nm. These data suggested that this compound was proto-hypericin (3) (Tolonen et al., 2003) . The (À)-ESI mass spectrum of the peak at t R = 3.1 min, showed a parent molecular ion at m/z 521 for [M À 1] À , 2 Da less than the analogous peak in pseudo-hypericin; it was also eluted at an earlier retention time than pseudo-hypericin. The UV/PDA spectrum of the compound showed absorption maxima at 285 nm, 375 nm, and 550 nm. These data suggested that this compound was protopseudo-hypericin (4) (Tolonen et al., 2003) .
The (+)-ESI mass spectrum of the peak at t R = 23.9 min, showed a parent molecular ion at m/z 483 for [M + 1] + , while the UV/PDA spectrum showed an absorption maximum at 285 nm suggesting that compound is adhyperfirin (6) (Tatsis et al., 2007) .
For the peak at t R = 22.6 min, the (+)-ESI mass spectrum showed parent molecular ion at m/z 469 for [M + 1] + , 14 Da less than the analogous peak in adhyperfirin suggesting a difference by only a methylene group (CH 2 , 14) with an identical UV/PDA spectrum; but eluted at an earlier time. These spec-tral data suggest the identity of this compound as hyperfirin (2) (Tatsis et al., 2007) .
Finally, the (À)-and (+)-ESI mass spectra of peaks at t R = 1.0 min, showed parent molecular ions of 611 and 609 for [M + 1] + and [M À 1] À , in the positive and negative ionization modes, respectively. The UV/PDA spectrum showed an absorption maximum at 257 nm and 360 nm, characteristic of flavonoids. These mass spectral data suggested that this compound is rutin (5) (Liu et al., 2000; Exarchou et al., 2006) .
Worthy to be mentioned is that there were several peaks in the (À)-and (+)-ESI mass spectra of H. triquetrifolium that could not be identified or dereplicated to any obvious structural class reported previously from the genus Hypericum. These compounds could be potentially new, thus our future efforts will be focused toward their isolation and identification.
In summary, we have adapted a dereplication strategy in the current work for the analysis of the secondary metabolites (phloroglucinols, naphthodianthrones and flavonoids) in H. triqutrifolium based on integrating data from LC-UV/PDA (distinctive UV-spectra for different classes), LC-ESI-MS (TIC and SIM) and chromatographic elution pattern. We were able to tentatively identify seven major compounds; hypericin (1), pseudo-hypericin (2), proto-hypericin (3), protopseudohypericin (4), hyperfirin (5), adhyperfirin (6) and rutin (7).
